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Abstract. We have, for the first time, compiled a nearly complete census of planetary 
nebulae (PNe) centred on the Sun. Our goal is the generation of an unbiased volume- 
limited sample, in order to answer some long-standing statistical questions regarding 
the overall population of Galactic disk PNe and their central stars. Much improved 
discrimination of classical PNe from their mimics is now possible based on the wide 
variety of high-quality multi wavelength data sets that are now available. However, 
we note that evidence is increasing that PNe are heterogeneous, and probably derived 
from multiple evolutionary scenarios. We give some preliminary data on the relative 
frequencies of different types of PNe in the local Galactic disk. 
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1. Introduction 

Planetary nebulae (PNe) are an important, albeit brief, evolutionary phase in the life- 
times of a significant fraction of Milky Way stars. While their formation is broadly 
understood (e.g. Balick & Frank 2002), the exact mechanism(s) required to manufac- 
ture the multitude of PN morphologies remains unclear, as does the ultimate fate of 
our own Sun. To help answer these questions, we have compiled the most complete 
volume-limited census of PNe out to 2.0 kpc from the Sun ever compiled (Frew & 
Parker 2006, Frew 2008), containing 210 PNe. We have recently extended the census 
out to 3.0 kpc (Frew & Parker 2010b) which doubles the number to over 420 PNe, 
though this enlarged sample is less complete at the faint end of the PN luminosity func- 
tion (Ciardullo 2010). This number can be compared to the known Galactic population 
which currently totals nearly 3000 PNe (Frew & Parker 2010; Jacoby et al. 2010). 

Volume-limited samples are fundamental in astronomy, but not easy to produce. 
The ability to generate this PN census rests, in large part, on the application of our new, 
empirical Ha surface brightness - radius (SB-r) relation which we have shown can pro- 
vide distances accurate to 20-30% (Frew & Parker 2006; Frew 2008). Our technique is 
currently the only statistical method that is applicable to the very faintest, senile PNe, 
which are selected against in extant radio surveys. Such faint PN numerically domi- 
nate any volume-limited sample, so it is crucial to include them in order to generate 
an unbiased census which can then be used to answer some long-standing statistical 
questions regarding the overall population of Galactic disk PNe and their central stars 
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(CSPN). Estimates of the local volume density, scale height, and total number of PN 
in the Galaxy also rest on having an accurate census of nearby nebulae (see Frew & 
Parker 2007, for a discussion). 

Surprisingly, and somewhat distressingly, there remains a lack of consensus over 
the precise definition of a PN, a situation that lingers even after several decades of 
intensive efforf](for a fuller discussion of this problem, see Frew & Parker 2010a). It is 
commonly argued that the 'planetary nebula' moniker has a distinct physical meaning, 
and should be restricted to the ionized shell ejected at the end of the AGB phase, or 
by a common-envelope ejection (De Marco 2009, and references therein). This is an 
important point, as in many symbiotic systems, which are often confused with PNe, the 
gas is thought to be donated by a companion giant, and not derive from the precursor 
of the white dwarf (WD) which is usually present in these systems (Corradi 2003). 

Besides our development of the Ha SB-r relation, we have also refined a range of 
multiwavelength classification tools to weed out the many mimics that have contami- 
nated both Galactic and extragalactic PN catalogues in the past. We have recently used 
mid-IR and radio diagnostics to identify contaminants (Cohen et al. 2007, 2010). Based 
on an overview of the literature, extensive experience in the compilation of the MASH 
catalogues (Parker et al. 2006; Miszalski et al. 2008), as well as insights from the 
solar neighbourhood PN census, Frew & Parker (2010a) provided a phenomenological 
definition, listing a summary of the various observable properties manifested by PNe. 

2. Identifying PNe 

A review of the history of PN surveys is presented by Parker & Frew (2010, these pro- 
ceedings). PNe have been confused with many different types of objects, as diverse as 
HII regions, massive star ring nebulae, Herbig-Haro objects, B[e] stars, reflection neb- 
ulae, supernova remnants, symbiotic outflows, and galaxies. We recommend that the 
following diagnostic criteria be examined, the exact combination depending on whether 
the candidate nebula is compact or extended. These criteria have been rigorously ap- 
plied to our local volume sample (as discussed by Frew & Parker 2010a). They include: 

• Presence of a hot (bluish) star that is relatively faint compared to the nebular flux. 
Non-blue stars may be either reddened single stars or binary stars with a cooler com- 
panion; in the latter case, a UV excess can provide evidence for the true ionizing star 
(e.g. Frew et al. 2010b). The properties of the ionizing star, if known, should be exam- 
ined, including its evolutionary age and position in the HR diagram. 

• Nebular morphology and the ionization structure, including the consistency of any 
ISM interaction with the proper-motion vector of the ionizing star. 

• Nebular emission-line ratios, using diagnostic plots where applicable (see Frew & 
Parker 2010a). 

• Near-IR and mid-IR colours; use a range of diagnostic plots (Schmeja & Kimeswenger 
2001; Corradi et al. 2008; Cohen et al. 2007, 2010). 

• Available time-domain photometric data to search for variability of the ionizing star, 
exhibited by close-binary CSPN or symbiotic stars. 



1 During the 1967 IAU PN symposium, R. Minkowski responded to a query from D.S. Evans, stating: As 
to the question of how to define a planetary nebula, there is no better way than to accept any object in a 
catalogue of planetary nebulae if nobody has serious objections (Osterbrock & O'Dell 1968: 290). 
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Image credits: HST (various), B. Balick/PNIC, R. Corradi, R. Shaw, D. Malin 



Figure 1. A montage of selected "PNe" from the literature, all presented at the 
same physical size; the scale bar represents 1 pc. We find that size appears to be a 
simple, but powerful discriminant between pre-PNe and most bona fide symbiotic 
outflows like BI Cru and He 2-104. 



• Strength of the radio and mid-IR flux densities (especially useful if a constraint on 
the distance is available). 

• Systemic radial velocity of the nebula (does it differ from the RV of the ionizing star?) 
and the line width — is the nebula expanding or is the line width consistent with an HII 
region or static ISM? Alternatively, are broad Ha wings seen in compact objects, as this 
may be indicative of a symbiotic or B[e] star. 

• Physical nebular diameter, which should be <5 pc, but a distance estimate is required. 
While there is overlap in the sizes of PNe, Population I ring nebulae, and resolved sym- 
biotic outflows, we find bona-fide pre-PNe (Sahai et al. 2007; Szczerba et al. 2007) to 
be generally smaller than symbiotic outflows (Figure [T]). 

• Ionized mass, which should be between 0.005 and 3M Q , but the distance needs to be 
known. 

• Local environment. For example, YSOs, and T Tauri stars are usually associated with 
HII regions, molecular clouds, and areas of heavy obscuration or dark lanes. 

• Galactic latitude. PNe have a larger scale height than HII regions, SNRs, and massive 
stars, and are more likely to be found away from the Galactic plane. 

• Abundances of the nebular gas - check for N enrichment, which would indicate either 
a PN, a nova shell, or massive star ejecta. 
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No one criterion is generally enough, so we use the overall body of evidence to 
define the status of a candidate nebula (see Frew & Parker 2010a, for further details). As 
an illustrative example of our multiwavelength approach, the emission nebula around 
the sdOB star PHL 932 is detailed by Frew et al. (2010a), and convincingly shown to be 
a HII region; it should be expunged from current catalogues of PNe. We have discarded 
another dozen objects from the 1.0 kpc census (e.g. Sh 2-174 and Abell 35, amongst 
others; Frew 2008). The reader is also referred to Frew & Parker (2006), Parker et al. 
(2006) and Madsen et al. (2006) for other examples of nearby PN impostors. 



3. Do PNe Form a Heterogeneous Class? 

Even after removal of the obvious contaminants from PN catalogues, there is increasing 
evidence that the class itself is a 'mixed bag' (Frew & Parker 2010a), and that several 
stellar evolutionary pathways may produce nebulae best catalogued as PNe. Current 
work suggests that PN-like nebulae may arise from the following channels: 

• Post-AGB evolution of a single star (or member of a wide, non-interacting binary), 
producing a conventional or classical PN. 

• Short-period binaries that have passed through a common-envelope (CE; De Marco 
2009). Their PNe appear to have distinct observational properties (Bond & Livio 1990; 
Frew & Parker 2007; Miszalski et al. 2009b, 2010). Some post-CE PNe seem to con- 
tain two hot subdwarfs (Hillwig 2010), but the formation mechanism(s) of these, and 
the putative PNe around the classical novae V458 Vul and GK Per remain unclear (Wes- 
son et al. 2008; Rodriguez-Gil et al. 2010). Also noteworthy is the re-interpretation of 
V605 Aql (in Abell 58) by Lau, De Marco & Liu (2010) as a possible nova in a PN. 

• Longer-period interacting binaries, a subset of which appear to be related to the fam- 
ily of highly-collimated bipolar nebulae which host central stars exhibiting the B[e] 
phenomenon, with or without symbiotic characteristics. 

• The so-called 'born-again' phenomenon, where a final helium flash produces a H- 
deficient star and surrounding knots inside a pre-existing, old PN (Zijlstra 2002), how- 
ever there seem to be problems with this scenario (Lau et al. 2010). 

• Scenarios that produce the rare O(He) stars; K 1-27 is the archetype of the class. They 
are possibly the long-sought successors of the R CrB stars (Rauch et al. 2008), which 
may result in turn from a double-degenerate merging process (Clayton et al. 2007). 

• Evolution of a super- AGB star (Poelarends et al. 2008), but there are no confirmed 
examples known. 

There is also great variation in the spectral types of CSPN. Up to 20% are H- 
deficient, including those where Wolf-Rayet features are present — these are denoted 
[WR] to differentiate them from their Population I cousins. Almost all [WR] CSPN 
belong to the [WC]/[WO] sequence except for the rare [WN] objects N 66 in the LMC 
(Pena et al. 1995; Hamann et al. 2003), PM 5 in the Galaxy (Morgan, Parker & 
Cohen 2003), and two recently discovered Galactic CSPN belonging to a proposed 
new [WN/WC] class: PB 8 (Todt et al. 2010) and Abell 48 (DePew et al. 2010); the 
origin of these peculiar stars is unclear. N 66 surrounds a [WN4-5] star and has been 
suggested to be the product of a high-mass progenitor, but a binary evolution channel 
may be more likely (see Hamann et al. 2003, for a discussion). 
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4. Relative Numbers 

It is difficult to ascertain the relative contributions of these various evolutionary path- 
ways to the PN population until a complete spectroscopic survey of all nearby CSPN 
has been undertaken. Based on a preliminary 1.0 kpc volume-limited sample, Frew 
& Parker (2007) found 22 + 9% of local CSPN are close binaries and are presumably 
derived from a post-CE evolutionary channel (De Marco 2009). We find the fraction of 
[WR] CSPN to be 7 ± 3%, and H-deficient CSPN to be about 20% of the total. Some 
nearby PNe possess unresolved high-density cores, which we have termed 4 EGB 6-like' 
CSPN (Frew & Parker 2010a). Two are known within 1.0 kpc, so the fraction is ~2/55 
or 4 ± 2%. This is a lower limit, as not all local CSPN have adequate spectroscopy. 

Within a larger sample of 210 PNe within 2.0 kpc (Frew 2008), some rarer sub- 
classes make an appearance. There are but one or two born-again objects (Abell 30 and 
Abell 78), one PN with an O(He) nucleus (K 1-27), one putative PN with a [WN] CSPN 
(PM 5), another with a [WN/WC] nucleus (Abell 48; DePew et al. 2010), and one or 
two highly collimated outflows associated with [Be] stars (which may not be true PNe), 
e.g. M 2-9. More robust estimates of these relative proportions will follow from a more 
detailed analysis of our enlarged 2.0 and 3.0 kpc samples. 



5. Future Work 

The total number of Galactic PNe is now nearly 3000, with the potential to grow more 
over the next few years (Parker & Frew 2010a; Jacoby et al. 2010). New discoveries 
from IPHAS (Viironen et al. 2009; Sabin et al. 2010) plus new candidates found at 
mid-IR wavelengths (e.g. Mizuno et al. 2010) should substantially add to the total. It 
is important that newly discovered nebulae be correctly classified, and it pays for the 
specialist to be cognisant of the full zoo of potential mimics. Much improved discrim- 
ination of true PN from their mimics is now possible based on the range of online UV, 
optical, near-IR, mid-IR, and radio data-sets that are available. While data-mining has 
its place, we caution that unusual objects be classified on a case-by-case basis. 

One outstanding question from the two most recent APN meetings is the role of 
binarity in the formation and shaping of PNe (De Marco 2009, 2010), so we intend to 
carefully survey our samples for new close binaries to better ascertain the proportion 
of post-CE PNe in the local Galactic disk. This number can then be confronted with 
model predictions made by other authors (e.g. Soker 1997; Moe & De Marco 2006). 
Our preliminary disk post-CE estimate of ~22% is in agreement with the estimate of 17 
+ 5% for a large, but flux-limited sample of Galactic bulge CSPN (Miszalski 2009a). 
We lastly note a surprising diversity of emission-line stars in PN-like nebulae, but the 
links between these nuclei and some symbiotic and B[e] stars is still unclear. A com- 
plete spectroscopic survey of all local CSPN is needed to better quantify the observed 
diversity of spectra. In particular, multiwavelength follow-up of unusual CSPN is re- 
quired to confront evolutionary theory, and in this sense, they are much more valuable 
than the more routine objects. We look forward to the day when a precise taxonomy of 
the 'PN phenomenon' is attained, but a consensus appears elusive at this point in time. 

Acknowledgments. DJF would like to thank the SOC for the opportunity to present 
an invited talk, and we thank Macquarie University for travel funding. 
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